Supplementary Figures
| Motion and destruction of a monolayer skyrmion driven by the CPP current in nanotracks with the different track width w and the current density j. The skyrmion is driven by the CPP current in the monolayer nanotrack (1000 nm × w nm × 0.4 nm). The spin current is applied along +z but polarized along +y, which could be realized by the spin Hall effect. ld represents the horizontal distance between the position where the skyrmion is destroyed and the initial position of the skyrmion. When the width of the nanotrack equals 40 nm, the CPP currentdriven skyrmion is destroyed due to the skyrmion Hall effect (SkHE) when it moves about 460 m at the current density of 5 × 10 10 A m -2 (see Supplementary Movie 1). The velocity of the skyrmion before its destruction equals ~ 55 m s -1 . When the width of the nanotrack reduces to 30 nm, the skyrmion is destroyed en route due to the SkHE at a smaller driving current density of 3 × 10 10 A m -2 , when moves ~ 80 nm. When the nanotrack width is further decreased to 24 nm, the skyrmion is destroyed shortly with a displacement of 2 nm when the driving current of 1 × 10 10 A m -2 is turned on. The color denotes the out-of-plane component of the magnetization, i.e., blue for spins pointing into the plane, red for spins pointing out of the plane, white for spins pointing in the film plane (similar hereinafter). FM layer (towards +z, p = +y) when the bilayer-DW pair is created at t = 50 ps. The current density j in the wide part equals 1.7 × 10 11 A m -2 , which is proportional to that inside the narrow part with respect to the ratio of the narrow width to the wide width. The 45-dgree notches are employed to reduce the required current density for the DW-skyrmion conversion. When the global driving current is turned on at t = 50 ps, the local DW injection current is turned off at the same time. See also Supplementary Movie 11. Supplementary Table 1 | States of the monolayer-skyrmions and bilayer-skyrmions driven by the in-plane current at low current densities in nanotracks. The interlayer exchange coefficient Ainter of the bilayer-skyrmions changes from -0.06 pJ m -2 to -6 pJ m -2 . In the configuration of current-inplane (CIP) geometry, the electrons flow toward the right in both the top and bottom FM layers, i.e., the charge currents flow toward the left. In this case, the interlayer antiferromagnetic exchange coupling in the bilayer-skyrmions system has no impact on the depinning current density of the skyrmion motion, which indicates the same spin-torque-driven mechanism for both the monolayer and bilayer skyrmions.
Supplementary Tables
Ainter (pJ m -2 ) j = 5 × 10 8 A m -2 j = 5 × 10 9 A m -2 
